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(54) LIGHT-EMITTING DIODE 
(57) Abstract: 

PURPOSE: To obtain an LED provided with a good 
light-emitting characteristic by using a wire bonding 
method when all electrodes for an element chip using an 
insulating substrate are connected to individual lead 
members. 

CONSTITUTION: Individual chips are cut by using a 
dicing saw, one chip is taken out, the side of a 
reflection film 32 is die-bonded to a lead member 43 by 
using a Pb-Sn solder, electrodes for an n-type GaN layer 
30 and an n-type Ga0.alno.2N layer 41 are connected by 
30^m &phiv; Au wires 35 by using a wire bonding 
apparatus. Then, an i-type GaN layer electrode 27 is 
connected to a lead member 44 and an t-type Gao.3lno.2N 
layer electrode 38 is connected to a lead member 43 
respectively by 3fym &phiv; Au wires 35 by using the 
wire bonding apparatus, and a manufactured 
light-emitting element 46 is sealed with a transparent 
epoxy resin. Consequently, all electrodes formed inside 
the same plane can be connected individually to lead 
members divided into the same number as the number of 
electrodes by using a wire bonding method. Thereby, an 



LED whose performance is stable can be supplied. 
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(54) LIGHT -EMITTING DIODE 



(57) Abstract : 

PURPOSE: To obtain an LED provided with a good light-emitting characteristic by 
using a wire bonding method when all electrodes for an element chip using an 
insulating substrate are connected to individual lead members. 

CONSTITUTION: Individual chips are cut by using a dicing saw, one chip is taken 
out, the side of a reflection film 32 is die-bonded to a lead member 43 by using 
a Pb-Sn solder, electrodes for an n-type GaN layer 30 and an n-type Ga0.8In0.2N 
layer 41 are connected by 30[mu]m [phiv] Au wires 35 by using a wire bonding 
apparatus. Then, an i-type GaN layer electrode 27 is connected to a lead member 
44 and an i-type Ga0.8In0.2N layer electrode 38 is connected to a lead member 43 
respectively by 30[mu]m [phiv] Au wires 35 by using the wire bonding apparatus, 
anda manufactured light-emitting element 46 is sealed with a transparent epoxy 
resin. Consequently, all electrodes formed inside the same plane can be connected 
individually to lead members divided into the same number as the number of 
electrodes by using a wire bonding method. Thereby, an LED whose performance is 
stable can be supplied. 
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CLAIMS 



. [Claim(s) ] 

[Claim 1] Light emitting diode characterized by the structure where all 
connection wiring with an electrode and a lead member is wires, in the element 
chip of the planar structure which has an electrode for having at least one 
luminous layer which consists of two or more sorts of combination chosen from the 
n-type-semiconductor layer, p type, and the i- type -semi conductor layer on the 
insulating substrate, and impressing voltage to the predetermined part of a 
semiconductor layer at a luminous layer. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the light emitting diode 
which mounted the light-emitting-device chip which used the insulating substrate 
in the leadframe. 

[0002] 

[Description of the Prior Art] Since the element chip conventionally mounted in 
the light emitting diode (Light Emitting Diode) put in practical use used 
conductive substrates, such as GaAs and InP, the polar zone of positive/negative 
was formed in the table and the reverse side of an element chip. The cross 
section of Light Emitting Diode which mounted the element chip in the 
conventional leadframe and was closed by the resin is shown in drawing 12 . the 
case where this element chip 24 is pasted up on a leadframe 49 since the element 
chip produced using the conductive substrate has taken the structure of having an 
electrode on a table and the reverse side as mentioned above one of the two's 
electrode -- the mirror section 50 of a leadframe a pewter or a conductive 
paste pasting up already -- one of the two's electrode -- the wire-bonding 
method -- a lead structure which is connected to a member 48 was taken this 
lead after mounting an element chip in members 47 and 48, it closed by the 
epoxy resin etc. and Light Emitting Diode25 was formed In recent years, Light 
Emitting Diode by the element chip of the flip chip method which used the 
transparent insulation substrate is proposed. (JP, 4-10670 , A) structure as shown 
in drawing 13 as a Light Emitting Diode produced using the 
light-emitting-device chip in which the luminous layer was formed on this 
transparent insulation substrate -- it is the electrodes 19 and 20 of the 
element chip 24 -- the electrode of positive/negative -- a luminous layer side -- 
being located a lead -- connection with members 51 and 52 was made with a 
pewter or a conductive paste 
[0003] 

[Problem(s) to be Solved by the Invention] Since current can be passed to a 
substrate when a conductive substrate is used for a light-emitting-device chip, 
as mentioned above, the electrode of positive/negative can be formed in a 
substrate side at one one and luminous layer side. Carrying out die bonding of 
the electrode by the side of a substrate to the lead member, when connecting with 
a leadframe, the electrode by the side of a luminous layer was producing Light 
Emitting Diode by the method of carrying out wire bonding to other lead 
members, when a transparent insulation substrate is used for an element chip, in 
order [ however, ] to take the flip chip method which has the electrode of a 
positive/negative couple in a luminous layer side -- an element chip and a lead 
--connection of a member cannot take the connection method mentioned above for 
this reason --in order to connect to a leadframe two sorts of electrodes formed 
in the luminous layer side the lead of two -- the connection side with the 



JP 06-069546 A 



element chip of a member is made flat, and the process which pastes up the 
electrode side of an element chip on this flat side with a pewter or a conductive 
paste is taken However, by this method, in order to have to form two sorts of 
electrodes in the same field, in the element chip size below 1mm angle, electrode 
size had the problem that two sorts of electrode sections will contact in an 
according [ if it kicks, will not become but ] to pewter or conductive paste 
adhesion [ carry out ] process, with 200 micrometers or less. Moreover, since the 
electrode area pasted up with the pewter or the conductive paste to an element 
chip size was large, a complicated electrode pattern like the shape of the shape 
of MI AND A used in order to make light emit more efficiently, the letter of a 
network, or Cush was not able to be formed. Or when producing the multicolor 
light emitting diode which obtains luminescence of two or more colors from one 
Light Emitting Diode, since the three or more electrode sections were needed, 
electrode area had to be made still smaller, and the connection with the 
electrode and lead member by the pewter or the conductive paste was 
impossible. Moreover, the light-emitting-device chip used for Light Emitting 
Diode by which the conventional proposal is made was using the transparent 
insulating substrate, and since there was the absorption of light by the 
substrate for the structure which takes out the light which emitted light through 
a substrate, there was also a trouble that luminous efficiency 
fell. 

[0004] this invention tends to solve the aforementioned trouble and tends to 
offer Light Emitting Diode with a good, luminescence property with sufficient 
reappearance simply. 
[0005] 

[Means for Solving the Problem] This invention persons can obtain now Light 
Emitting Diode which has a good property with sufficient reappearance by using 
the wire-bonding method, in case all the electrodes and each lead member of the 
element chip using the insulating substrate are connected, as a result of 
repeating research wholeheartedly, in order to solve the aforementioned 
trouble. 

[0006] That is, this invention offers the light emitting diode characterized by 
the structure where all connections between an electrode and a lead member are 
wires in the element chip of the planar structure which has an electrode for 
having at least one luminous layer which consists of two or more sorts of 
combination chosen from the n-type-semiconductor layer, p type, and the 
i-type-semiconductor layer on the insulating substrate, and impressing voltage to 
the predetermined part of a semiconductor layer at a luminous 
layer. 

[0007] If the front face is flat as an insulating substrate in this invention, 
it is good, and transparence is sufficient, and it is good even when it is 
opaque. As a thing typical as an insulating substrate, there are sapphire 
(aluminum 203) , quartz (Si02), magnesium- oxide (MgO) , strontium- titanate 
(SrTi03), calcium-fluoride (CaF2), and magnesium fluoride (MgF2), titanium oxide 
(Ti02), etc. however, it is good tu use **'s whose lattice constant of the 
semiconductor thin film directly formed on a substrate suited to the lattice 
constant of this insulating substrate as much as possible As for the grid 
mismatching with the semiconductor thin film directly formed on this insulating 
substrate and a substrate, it is good that considering as 10% or less considers 
as 5% or less desirable still more preferably. For this reason, it is also 
desirable to use that in which only the predetermined angle turned off this 
transparent insulation substrate. For example, in GaN, it becomes what has 
desirable using the substrate which turned off the Rth page of 9.2 degrees of 
sapphire. Moreover, when the grid mismatching of an insulating substrate and a 
semiconductor thin film is very large, you may prepare a buffer layer between 
this insulating substrate and a semiconductor thin film. As a buffer layer, the 
amorphous-like matter, for example, AlN, GaN, Si, SiC, etc., can prepare AlN, 
ZnO, SiC, etc. as single crystal matter. 

[0008] As a method of forming a luminous layer on an insulating .substrate in 



JP 06-069546 A 

this invention, semiconductor growth equipments, such as the MBE (Molecular Beam 
Epitaxy) method, the CBE (ChemicalBeam Epitaxy) method, the MOMBE (Metal Organic 
MBE) method, the CVD (Chemical Vapour Deposition) method, and the MOCVD (Metal 
Organic CVD) method, can be used. A luminous layer is formed on an insulating 
substrate by the above-mentioned thin film production method. This luminous layer 
may be any of MIS structure, the single hetero structure of having pn junction 
and double hetero structure, quantum well structure, or a 
superstructure . 

[0009] The luminous layer in this invention is a luminous layer which consists 
of two or more sorts of combination chosen from the n- type-semiconductor layer, p 
type, and the i- type -semi conduct or layer. Moreover, although either a III-V group 
compound semiconductor or an II-VI group compound semiconductor is OK as the 
semiconductor which forms these luminous layers, the GaN system semiconductor 
which is a III-V group compound semiconductor is [ that growth of a crystalline 
good thin film is possible, and ] especially desirable to the sapphire which is 
an insulating substrate, CaF2 , MgO, etc. 

[0010] The light-emitting-device chip in this invention needs to form the 
electrode of a positive/negative couple in the same flat surface by the side of a 
luminous layer, in order to use an insulating substrate, and it must etch a 
luminous layer. As the etching method performed to the well of this 
light-emitting-device chip production, you may use whichever of the wet etching 
method and the dry etching method according to the kind of luminous 
layer. Heat-treating after etching is also desirable, by performing this heat 
treatment, membraneous degradation received by etching can be recovered, an 
interfacial resistance can be lowered, and current required for luminescence can 
be acquired by the low battery. What is necessary is just the furnace which can 
control the atmosphere of a tubular furnace, a lamp annealing furnace, etc. as 
equipment which heat-treats. 

[0011] As the electrode formation method of the light-emitting-device chip in 
this invention, the MBE method, a vacuum deposition method, an 

electron-beam-evaporation method, a spatter, etc. occur. That from which ohmic 
contact is obtained by a n-type semiconductor, p type, or each i type 
semiconductor as an electrode material may be desirable, and a metal simple 
substance is sufficient as it, and it may use what mixed and alloyed two or more 
sorts of metals. The conditions for obtaining this ohmic contact have the good 
metal which has a work function smaller than the work function of a semiconductor 
as an electrode by the side of a n-type semiconductor, and it is good to use the 
metal which has a bigger work function as an electrode by the side of a p type 
semiconductor than the work function of a semiconductor. For example, in GaN 
which is a III-V group compound semiconductor, it is good for an n type GaN layer 
to use aluminum, In, Ti , Pb, Sb, Nb, Zr, Mn, etc. for an electrode, and good 
ohmic contact is obtained by i type or the p type GaN layer by using Au, Pt, 
germanium, As, Ir, Re, Rh, Pd, nickel, W, etc. for an electrode. Moreover, in 
order to raise an adhesive property, and to improve the thermal resistance of the 
polar zone, it is [ be / in case / an element chip is pasted up on a lead member 
after this ohmic electrode formation, ] also desirable to carry out the 
laminating of the metals, such as nickel, Ti, Au, and W, on an ohmic 
electrode. 

[0012] It is also desirable to heat-treat below by the decomposition temperature 
of a semiconductor in the gas stream which contains the composition element of 
the inside of inert gas styles, such as Ar, N2 , and helium, or this semiconductor 
after electrode formation, this is enabled to lower the interfacial resistance of 
an electrode and a semiconductor, and it can obtain good diode 

characteristics. As for Light Emitting Diode in this invention, it is desirable 
to devise an electrode configuration in order to take the structure which takes 
out light from an electrode side. In order to take out the light which emitted 
light from an electrode side, it is that wrap electrode area makes preferably the 
front face of this p type or a i-type-semiconductor layer 30% or less still more 
preferably 40% or less 50% or less. Therefore, although an electrode needs to 
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form a pattern on the front face of p type or a i-type- semi conductor layer, and 
it can consider as the letter of a network shown in drawing 4 as an example of 
a pattern, the shape of Cush which are shown in drawing 5 , and the shape of 
MI AND A which are shown in drawing 6 , and there are combination of these 
patterns, the shape of a whirl and an island, etc. further, it is not limited to 
especially these. If the width of face of an electrode and an inter-electrode 
distance narrow width of face of an electrode and inter-electrode distance is 
made small that what is necessary is just to change with the electric resistance 
of p type or a i -type-semiconductor layer, or the size of voltage to impress, its 
ejection efficiency of light will improve. While impressing voltage to the front 
face of p type or a i-type- semi conductor layer uniformly by making width of face 
of an electrode into a submicron grade, and making inter-electrode into the 
interval about submicron one, ejection efficiency of light can also be 
enlarged. 

[0013] Moreover, in this invention, it will also become desirable to prepare at 
least a kind of metallic reflective layer as shown on the field in which the 
luminous layer on a substrate is not formed at drawing 11 . it is enabled for 
this metal layer to reflect the light which emits light in the luminous layer 
which comes to combine a n- type-semiconductor layer and p type, or a 
i-type-semiconductor layer, and comes out through a substrate, and to take it out 
from an electrode side. Thereby, the ejection efficiency of the light of a light 
emitting device can be raised. As a material used as a metallic reflective layer, 
there are metaled simple substances or those alloys, such as aluminum, In, Cu, 
Ag, Pt, Ir, Pd, Rh, W, Mo, Ti, and nickel. A metallic reflective layer becomes 
what has at least a monostromatic desirable [ also considering as the structure 
which carried out the laminating of the metal of high-melting points, such as 
nickel, W, and Mo, in order to make the pewter-proof nature when mounting in a 
leadframe, and thermal resistance and bonding-proof nature improve ] although it 
is good. 

[0014] The configuration of the leadframe in this invention is [ that what is 
necessary is just the structure where other lead members are connectable with 
each electrode for impressing voltage to the connection for fixing an element 
chip to a lead member, and each part of an element chip with a wire, respectively 
] changeable with the electrode configuration of a light-emitting-device 
chip. Since luminescence is condensed effectively, as for a leadframe, it is 
desirable to establish a mirror side. 

[0015] What is generally used for the lead member as a material of the adhesion 
at the time of performing die bonding in the light-emitting-device chip in this 
invention can be used. For example, Bi little to Au-Si, an Pb-Sn alloy system 
pewter, and this pewter, To what added metals, such as Sb, Ag, Cd, Zn, and In, 
and Bi, Na, To what added and alloyed Tl, Cd, Sn, Pb, etc., and In, Zn, Cd, There 
is a conductive paste containing metals, such as what added and alloyed Sn, Bi, 
etc., a thing which added and alloyed Ag, Zn, Sn, In, etc. to Ga, and Au, 
aluminum, In, Ag, Ag, Au, Cu, etc. As a method of pasting up an element chip and 
a lead member, there is a method using conventional die bonding 

equipment, namely, a glue line -- this polar zone of an element chip, or a lead 
-- it pastes up by heating a lead member beyond the melting point of .the charge 
of a binder, sticking this polar zone and this lead member, after forming in the 
adhesion side of the element chip of a member with a vacuum deposition, the 
applying method, or plating 

[0016] Moreover, in case the electrode section and the lead member of a 
light-emitting-device chip in this invention are wired, it is the feature to use 
the wire bonder method, after fixing an element chip to a lead member by the die 
bonding method -- wire-bonding equipment -- setting -- heating -- and -- or the 
electrode section and a lead member are connected by impressing an ultrasonic 
wave As a material of a wire used at this time, there are alloys, such as metals, 
such as Au, Ag, Cu, and aluminum, Au-Si, aluminum-Si, aluminum-Mg, 
aluminum-Si-Mg, and aluminum-nickel, and which material is used should just 
choose in consideration of the material of the electrode section of a 
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light-emitting-device chip, or the workability of wirebonding. Especially, I hear 
that workability is good and it is desirable. [ of Au or aluminum-Si ] The size 
of a wire is usually 20-300micrometerphi that what is necessary is just to choose 
m consideration of the workability of size **** wirebonding of the electrode 
section of a light-emitting-device chip. Moreover, in order to prevent 
oxidization of a wire, it is also a desirable method to perform wirebonding in 
inert gas. 

[0017] It is desirable that the light transmittance in the luminescence 
wavelength range of a light-emitting-device chip uses 80% or more of translucency 
material as a closure material in this invention. As this translucency material, 
an methacrylic system resin, an epoxy system resin, a polycarbonate system resin, 
a polystyrene system resin, and POREORE fin system resin **** can use a kind, 
even if there are few low melting glasses, as the closure method -- the metal 
mold of for example, a request configuration -- the raw material or heating 
melting object of such translucency material -- a notes form -- carrying out -- 
metal mold -- the method of solidifying inside can be used As the method of this 
solidification, cooling solidification, a chemical reaction, etc. can be 
mentioned with the polymerization solidification by the heat or light of a 
monomer or oligomer, and a heating melting object. If there is need in this 
translucency material, it is also possible to add the lubricant for the 
antioxidant for stabilization of the coloring matter for color tone adjustment or 
a visibility amendment, a pigment, a fluorescent substance, etc. of a resin, a 
stabilizer, and a fabricating operation and lubricant. 

[0018] Although the example of Light Emitting Diode produced using the all 
directions method explained above is shown in drawing 3 , it is not limited to 
this. The element chip 24 is an element chip of the planar structure which has an 
electrode for having at least one luminous layer which consists of two or more 
sorts of combination chosen from the n-type-semiconductor layer, p type, and the 
i type semiconductor on the insulating substrate, and impressing voltage to the 
predetermined part of each semiconductor layer at a luminous layer, the substrate 
side of this element chip, or a lead — the lead after depositing a pewter by the 
vacuum deposition to the adhesion side of a member 22 -- the element chip 24 is 
put on the adhesion side of a member 22, and it heats beyond the melting point of 
a pewter and pastes up Then, each electrode and each lead member are connected by 
the gold streak using the wirebonding method. Then, it closes by translucency 
material and Light Emitting Diode25 is produced. 

[0019] It is aluminum 203 as an insulating substrate as the following and an 
example. Although how to use it, form a GaN thin film using the MBE method, and 
produce Light Emitting Diode is explained, it is not limited to especially 
this. The gas source MBE equipment equipped with the crucibles 2, 3, and 4 for 
evaporation (KUNUDOSENSERU) , the gas cell 7, and the substrate heating electrode 
holder 5 in the vacuum housing 1 as shown in drawing 1 as equipment was 
used. 

[0020] Ga metal was put into the crucible 2 for evaporation, and it heated to 
the temperature set to 1013-1019-/cm2 and sec in a substrate side. It was made to 
spray ammonia on introduction of ammonia directly from the inside of a gas cell 7 
at a substrate 6 using the gas introduction pipe 8. The amount of introduction of 
ammonia was supplied so that it might be set to 1016-1020-/cm2 and sec in a 
substrate front face. In, aluminum, etc. are put into the crucible 3 for 
evaporation, and membranes are formed by controlling temperature and time so that 
it may become the semiconductor which has the compound semiconductor and the 
predetermined carrier density of predetermined composition. Mg, Zn, Be, Sb, Si, 
germanium, C, Sn, Hg, As, P, etc. are put into the crucible 4 for evaporation ,' it 
dopes by controlling temperature and supply time so that it may become the 
predetermined amount of supply, and n type and i type, or a p type semiconductor 
layer is formed. 

[0021] The Rth page of sapphire was used for the substrate 6, and it heated at 
200-900 degrees C. The thing of 0.8 or less degrees has [ the Rth page substrate 
of sapphire ] a desirable OFF angle. First, after heating a substrate 6 at 750 
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degrees C within a vacuum housing 1, each crucible is set as predetermined growth 
temperature, the crucible 3 for evaporation is opened first, and an n type GaN 
thin film with a thickness of 0.05-2 micrometers is produced by the growth rate 
of 0.1-30A / sec. Furthermore, after that, the shutter of the crucible 4 for 
evaporation which charged Zn is opened, i type or a p type GaN thin film is 
formed by the thickness of 0.01-1 micrometer by the growth rate of 0.1-30A / sec, 
and a luminous layer is formed. At the time of this membrane formation, a gas 
cell is always heated, and ammonia, is supplied to a substrate front 
face . 

[0022] The process which produces Light Emitting Diode using the GaN thin film 
which has the luminous layer which formed membranes by the above methods is 
explained according to drawing 2 (h) from drawing 2 (a) . A vacuum deposition 
method is used and it is aluminum 203. The vacuum evaporationo of the 
metallic-reflection film 17 is carried out to a side (a) . A resist is applied to 
a GaN thin film front face. As for the thickness of a resist, it is desirable to 
be referred to as 0.1-3 micrometers that what is necessary is just to change with 
the thickness of a GaN thin film to The conditions of a spin coater 

are 2500rpm and 30sec. A prebake is carried out for 30 minutes within the clean 
oven heated by 90 degrees C after the application (b) . Then, UV exposure and 
development were performed using the mask for element pattern formation (c). The 
GaN thin film 14 of i layers or p layers is removed by the ion milling method, 
using Ar as gas (d) . A resist is removed after an ion milling end using an 
acetone. 

[0023] In addition, it can decide on time to perform ion milling in each process 
by the thickness which etches. The sample was set after the above process and in 
the tubular furnace, and it heat-treated for 3 0 minutes at 500 degrees C by 
making ammonia into atmosphere. After having applied the resist again, having 
performed the prebake after heat treatment, and performing UV exposure and 
development using the mask ror n layer electrode formation continuously, the 
vacuum evaporationo of the aluminum was carried out to the thickness of 3 000A as 
an electrode of the n type GaN layer 15 by (e) and the vacuum deposition method, 
and the electrode pattern 19 was formed by the lift off (f). Subsequently, after 
having applied the resist again, performing the prebake and performing UV 
exposure and development using the mask for i layer electrode formation, the 
vacuum evaporationo of the Au was carried out to the thickness of 3000A as an 
electrode of p type or the i type GaN layer 14 by (g) and the vacuum deposition 
method, and the electrode pattern 20 was formed by the lift off (h) . Then, 300 
degrees C and heat-treatment of 1 hour were performed in Ar 
style . 

[0024] the metallic-reflection film of the light-emitting-device chip produced 
as mentioned above a pewter -- a lead -- a member 22 -- pasting up -- the 
electrode of an n type GaN layer and an i type GaN layer -- wire bonder equipment 
-- using -- 30micrometerphiAu lines 23 -- respectively -- a lead -- a member 21 
and a lead -- bonding was carried out to the member 22 Then, SmmphiLight Emitting 
Diodes25 as perform molding by the transparent epoxy resin and show a 
light-emitting-device chip to drawing 3 were 
produced. 
[0025] 

[Example] Hereafter, an example explains to a detail 

further . 

[0026] 

[Example 1] aluminum2 03 R page is used as an insulating substrate, a GaN thin 
film is formed by the MBE method, and the example which produced Light Emitting 
Diode using the element chip which has MIANDA-like electrode structure is 
explained. The MBE equipment equipped with the crucibles 2 and 4 for evaporation, 
the gas cell 7 and the substrate heating electrode holder 5, and the gas 
introduction pipe 8 for supplying gas to a gas cell 7 further in the vacuum 
housing 1 as shown in drawing 1 was used. 

[0027] Ga metal was put into the crucible 2 for evaporation, and it heated at 
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1050 degrees C. Ammonia was used as gas and the gas cell 7 was supplied at the 
rate of 5 cc/min through the gas introduction pipe 8. Ammonia gas was made into 
structure which is directly supplied to a substrate 6. As a substrate 6, an OFF 
angle uses the Rth page of the sapphire which is 0.5 degrees! The pressure in a 
vacuum housing was 2xlO-6Torr at the time of membrane 
formation. 

[0028] First, it heats for 30 minutes at 900 degrees C, and membranes are formed 
by subsequently to the temperature of 750 degrees C holding a substrate 
6. Membrane formation is performed by opening. the shutter of the crucible of Ga, 
supplying ammonia from the gas cell 7 heated at 300 degrees C, and it is 0 5 
micrometers of thickness at 1.5A / membrane formation speed of sec. The n type 
GaN thin film was produced. The shutter of the crucible 4 for evaporation which 
furthermore charged Mg and was kept at 300 degrees C was opened, the GaN thin 
film of Mg dope was formed by the thickness of 0.05 micrometers of thickness at 
1.5A / membrane formation speed of sec, and the luminous layer was 
formed. Crystallinity and flat nature were good at the shape of a streak, and 
when the RHEED pattern of this produced thin film measured resistance, it had 
resistance of 10 M omega or more, and was in the insulating 
state . 

[0029] The vacuum deposition method was used for the opposite side of the 
substrate side in which the luminous layer is formed, the vacuum evaporationo of 
the aluminum was carried out to it by the thickness of 3000A in the vacuum of 
2xlO-6Torr, and the reflective film was formed in it. Then, on the luminous 
layer, the spin coater was used, line resist was applied on condition that 2500rpm 
and 30sec, and the rrebake was carried out for 30 minutes in 90-degree C clean 
oven. After BEKU, using the mask for element pattern formation, UV exposure was 
carried out and negatives were developed. Then, ion milling was performed for 15 
minutes by Ar of the conditions of acceleration voltage 500V and pressure 
2xl0-4Torr, and element pattern formation was performed. Then, the resist was 
removed using the acetone. Next, the resist was again applied on condition that 
2500rpm and 30sec using the spin coater, and the prebake was carried out for 30 
minutes in 90-degree C clean oven. After BEKU, using the mask for i layer 
removal, UV exposure was carried out and negatives were developed. Then, ion 
milling was performed for 1 minute in Ar atmosphere of the conditions of 
acceleration voltage 500V and pressure 2xl0-4Torr, and i unnecessary layers were 
removed. Then, the acetone removed the resist. Subsequently, it set to the 
tubular furnace and 500 degrees C and heat treatment for 30 minutes were 
performed in the ammonia gas stream of 10 cc/min. Furthermore, the resist was 
applied on condition that 2500rpm and 30sec using the spin coater, and the 
prebake was carried out for 30 minutes in 90-degree C clean oven. After BEKU, 
using the mask for electrode formation of an n type GaN layer, UV exposure was 
carried out and negatives were developed. Then, the vacuum deposition machine was 
equipped and vacuum deposition of the aluminum metal was carried out by the 
thickness of 0.2 micrometers in the vacuum of 2xl0-6Torr. Then, the lift off was 
carried out with the acetone and the electrode pattern was formed. Subsequently 
using the mask for electrode formation of an i type GaN layer, UV exposure was 
carried out and negatives were developed. Then, the vacuum deposition machine was 
equipped and vacuum deposition of the Au metal was carried out by the thickness 
of 0.2 micrometers in the vacuum of 2xlO-6Torr. Then, the lift off was carried 
out with the acetone and the electrode pattern was formed. Heat-treatment was 
performed for this produced light emitting device at 300 degrees C in Ar style 
for 1 hour, and the element chip which has MIANDA-like electrode structure was 
completed. The side elevation and plan of an element chip which were produced 
were shown in drawing 7 (a) and (b) . 

[0030] Cutting of each chip was performed using the dicing saw. The one-element 
chip was set to 0 . 5mmx0 . 5mm. One chip of these was taken out and die bonding of 
the reflective film side was carried out to the lead member with Ag 
paste. Furthermore, an n type GaN la^er electrode, an i type GaN layer electrode 
and each lead member were connected by 30micrometerphiAu lines using wire-bonding 
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equipment. Light Emitting Diode as closed the light emitting device produced by 
the above-mentioned method by the transparent epoxy resin and shown in drawing 8 
was produced. 

[0031] When 100 Light Emitting Diodes were produced by the same method, 
luminescence was checked by 99 Light Emitting Diodes. When the luminescence 
intensity of this Light Emitting Diode is measured, it is 60mcd(s) in 8V and 
20mA, and blue luminescence was observed. 
[0032] 

[The example 1 of comparison] It is aluminum 203 by the same method as an 
example 1. Element-ization -was performed using the GaN thin film which has the 
luminous layer which formed membranes on the substrate. Element production 
process was also performed by the same method as an example 1, and with Ag paste, 
after the two electrodes of an n type GaN layer and an i type GaN layer performed 
die bonding to the lead member, they were closed by the transparent epoxy resin 
and produced Light Emitting Diode. When 100 Light Emitting Diodes were produced 
by the same method, the electrode of positive/negative was connected with Ag 
paste and what emits light only by nine Light Emitting Diodes was not 
obtained. 
[0033] 

[Example 2] aluminum2 03 R page is used as an insulating substrate, and the 
example which formed the Gai-x Inx N thin film by the MBE method, and produced 
Light Emitting Diode of 2 color luminescence is explained. The MBE equipment 
equipped with the crucibles 2, 3, and 4 for evaporation, the gas cell 7 and the 
substrate heating electrode holder 5, and the gas introduction pipe 8 for 
supplying gas to a gas cell ^ further in the vacuum housing 1 as shown in 
drawing 2 was used. 

[0034] Ga metal was put into the crucible 2 for evaporation, and it heated at 
102 0 degrees C, and In metal was put into the crucible 3 for vacuum evaporationo , 
and it heated at 1000 degrees C. Ammonia was used as gas and the gas cell 7 was 
supplied at the rate of 5 cc/min through the gas introduction pipe 8. Ammonia gas 
was made into structure which is directly supplied to a substrate 6 . As a 
substrate 6, an OFF angle uses the Rth page of the sapphire which is 0.5 
degrees . 

[0035] The pressure in a vacuum housing was 2xl0-6Torr at the time of membrane 
formation. First, it heats for 30 minutes at 900 degrees C, and membranes are 
formed by subsequently to the temperature of 700 degrees C holding a substrate 
6. Membrane formation is performed by opening the shutter of the crucible of Ga 
and In, supplying ammonia from the gas cell 7 heated at 300 degrees C, and it is 
0.5 micrometers of thickness at 1 . 5A / membrane formation speed of sec. The n 
type Ga0.8 InO . 2 N thin film was produced. The i type GaO . 8 InO . 2 N thin film 
which opened the shutter of the crucible 4 for evaporation which furthermore 
charged Mg and was kept at 300 degrees C, and doped Mg was formed by the 
thickness of 0.05 micrometers of thickness at 1 . 5A / membrane formation speed of 
sec, and the 1st luminous layer was formed. Next, after raising substrate 
temperature to 750 degrees C and stabilizing temperature for 30 minutes, open the 
shutter of the crucible of Ga and the n type GaN thin film of 0.5 micrometers of 
thickness is grown up by the growth rate of 1 . 5A / sec. The i type GaN thin film 
which furthermore opened the shutter of the vacuum evaporationo crucibles 2 and 4 
on it, and doped Mg was formed by the thickness of 0.05 micrometers of thickness 
by the growth rate of 1 . 5A / sec, and the 2nd luminous layer was 
formed. 

[0036] The vacuum deposition method was used for the opposite side of the 
substrate side in which the luminous layer is formed, the vacuum evaporationo of 
the aluminum was carried out to it by the thickness of 3 000A in the vacuum of 
2xlO-6Torr, and the reflective film was formed in it. Then, on the luminous 
layer, the spin coater was used, the resist was applied on condition that 2500rpm 
and 30sec, and the prebake was carried out for 30 minutes in 90-degree C clean 
oven. After BEKU, using the mask for element pattern formation, UV exposure was 
carried out and negatives were developed. Then, ion milling was performed for 2 5 
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minutes by Ar of the conditions of acceleration voltage 500V and pressure 
2xlO-4Torr, and element pattern formation was performed. Then, the resist was 
removed using the acetone. Next, the resist was again applied on condition that 
2500rpm and 30sec using the spin coater, and the prebake was carried out for 30 
minutes in 90-degree C clean oven.. After BEKU, using the photo mask, UV exposure 
was carried out and negatives were developed. Then, ion milling was performed for 
15 minutes in Ar atmosphere of the conditions of acceleration voltage 500V and 
pressure 2xlO-4Torr, and the unnecessary i type GaN layer, the n type GaN layer, 
and the i mold GaO.8 InO.2 N layer were removed. Next, the resist was again 
applied on condition that 2500rpm and 30sec using the spin coater, and the 
prebake was carried out for 30 minutes in 90-degree C clean oven. After BEKU, 
using the photo mask, UV exposure was carried out and negatives were 
developed. Subsequently, ion milling was performed for 13 minutes in Ar 
atmosphere of the conditions of acceleration voltage 500V and pressure 
2xl0-4Torr, and the unnecessary i type GaN layer and the n type GaN layer were 
removed. The resist was applied on condition that 2500rpm and 30sec using the 
spin coater further again, and the prebake was carried out for 30 minutes in 
90-degree C clean oven. After BEKU, using the photo mask, UV exposure was carried 
out and negatives were developed. Then, the unnecessary i type GaN layer was 
removed using ion milling. Then, the acetone removed the resist. Subsequently, it 
set to the tubular furnace and 500 degrees C and heat treatment for 3 0 minutes 
were performed in the ammonia gas stream of 10 cc/min. Furthermore, the resist 
was applied on condition that 2500rpm and 30sec using the spin coater, and the 
prebake was carried out for 30 minutes in 90-degree C clean oven. After BEKU, 
using the mask for electrode formation ^f an n type GaN layer and n mold GaO . 8 
In0.2 N layer, UV exposure was carried out and negatives were developed. Then, 
the vacuum deposition machine was equipped and vacuum deposition of the aluminum 
metal was carried out by the thickness of 0.2 micrometers in the vacuum of 
2xlO-6Torr. Then, the lift off was carried out with the acetone and the electrode 
pattern was formed. Subsequently, using the mask for electrode formation of an i 
type GaN layer and i mold GaO. 8 InO . 2 N layer, UV exposure was carried out and 
negatives were developed. Then, the vacuum deposition machine was equipped and 
vacuum deposition of the Au metal was carried out by the thickness of 0.2 
micrometers in the vacuum of 2xlO-6Torr. Then, the lift off was carried out with 
the acetone and the electrode pattern was formed. Heat- treatment was performed 
for this produced light emitting device at 300 degrees C in Ar style for 1 hour, 
and the structure of an element chip was completed. The side elevation and plan 
of an element chip which were produced are shown in drawing 9 (a) and 
(b) . 

[0037] Cutting of each chip was performed using the dicing saw. The one-element 

chip was set to lmmxlmm. One chip of these was taken out and die bonding of the 

reflective film side was carried out to the lead member with the Pb-Sn 

pewter. The n type GaN layer and the n mold GaO. 8 InO . 2 N layer electrode were 

connected by 30micrometerphiAu lines using wire-bonding equipment after 

that. Furthermore, the i type GaN layer electrode, a lead member and an i type 

GaO. 8 InO. 2 N layer electrode, and the lead member were connected by 

3 0micrometerphiAu lines using wire-bonding equipment. The light emitting device 

produced by the above-mentioned method was closed by the transparent epoxy resin, 

and Light Emitting Diode as shown in drawing 10 was produced. 

[0038] When 100 Light Emitting Diodes were produced by the same method, 

luminescence was checked by 95 Light Emitting Diodes, the place which measured 

the luminescence intensity of this Light Emitting Diode a lead a member 66 

and a lead -- a member 67 10V and luminescence with blue 40mcd(s) at 18mA -- a 

lead -- a member 66 and a lead -- in the member 68, 8V and luminescence with 

green 60mcd(s) at 20mA were observed 

[0039] 

[Effect of the Invention] this invention is connecting respectively all the 
electrodes formed in the same flat surface to the lead member divided into the 
same number as this number of electrodes with a wire by the wire-bonding method 
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in the planar type element chip structure the luminous layer's having been formed 
on the insulating substrate, and it becomes possible to supply Light Emitting 
Diode of the stable performance. 



TECHNICAL FIELD 



[Industrial Application] this invention relates to the light emitting diode 
which mounted the light-emitting-device chip which used the insulating substrate 
in the leadframe. 



PRIOR ART 



[Description of the Prior Art] Since the element chip conventionally mounted in 
the light emitting diode (Light Emitting Diode) put in practical use used 
conductive substrates, such as GaAs and InP, the polar zone of positive/negative 
was formed in the table and the reverse side of an element chip. The cross 
section of Light Emitting Diode which mounted the element chip in the 
conventional leadframe and was closed by the resin is shown in drawing 12 . the 
case where this element chip 24 is pasted up on a- leadframe 49 since the element 
chip produced using the conductive substrate has taken the structure of having an 
electrode on a table and the reverse side as mentioned above one of the two's 
electrode -- the mirror section 50 of a leadframe a pewter or a conductive 
paste -- pasting up -- already -- one of the two's electrode the wire-bonding 
method -- a lead -- structure which is connected to a member 48 was taken this 
lead -- after mounting an element chip in members 47 and 48, it closed by the 
epoxy resin etc. and Light Emitting Diode25 was formed In recent years, Light 
Emitting Diode by the element chip of the flip chip method which used the 
transparent insulation substrate is proposed. (JP, 4-10670 , A) structure as shown 
in drawing 13 as a Light Emitting Diode produced using the 
light-emitting-device chip in which the luminous layer was formed on this 
transparent insulation substrate — it is -- the electrodes 19 and 20 of the 
element chip 24 -- the electrode of positive/negative -- a luminous layer side -- 
being located -- a lead -- connection with members 51 and 52 was made with a 
pewter or a conductive paste 



EFFECT OF THE INVENTION 



[Effect of the Invention] this invention is connecting respectively all the 
electrodes formed in the same flat surface to the lead member divided into the 
same number as this number of electrodes with a wire by the wire-bonding method 
in the planar type element chip structure the luminous layer's having been formed 
on the insulating substrate, and it becomes possible to supply Light Emitting 
Diode of the stable performance. 



TECHNICAL PROBLEM 



[Problem (s) to be Solved by the Invention] Since current can be passed to a 
substrate when a conductive substrate is used for a light-emitting-device chip, 
as mentioned above, the electrode of positive/negative can be formed in a 
substrate side at one one and luminous layer side. Carrying out die bonding of 
the electrode by the side of a substrate to the lead member, when connecting with 
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a leadframe, the electrode by the side of a luminous layer was producing Light 
Emitting Diode by the method of carrying out wire bonding to other lead members, 
when a transparent insulation substrate is used for an element chip, in order [ 
however, ] to take the flip chip method which has the electrode of a 
positive/negative couple in a luminous layer side -- an element chip and a lead 
-- connection of a member cannot take the connection method mentioned above for 
this reason in order to connect to a leadframe two sorts of electrodes formed 
in the luminous layer side the lead of two -- the connection side with the 
element chip of a member is made flat, and the process which pastes up the 
electrode side of an element chip on this flat side with a pewter or a conductive 
paste is taken However, by this method, in order to have to form two sorts of 
electrodes in the same field, in the element chip size below 1mm angle, electrode 
size had the problem that two sorts of electrode sections will contact in an 
according [ if it kicks, will not become but ] to pewter or conductive paste 
adhesion [ carry out ] process, with 200 micrometers or less. Moreover, the 
electrode area pasted up with the pewter or the conductive paste to an element 
chip size was not able to form a complicated electrode pattern like the shape of 
the shape of MIANDA used a latus sake in order to make light emit more 
efficiently, the letter of a network, or Cush. Or when producing the multicolor 
light emitting diode which obtains luminescence of two or more colors from one 
Light Emitting Diode, since three or more polar zone was needed, electrode area 
had to be made still smaller, and the connection with the electrode and lead 
member by the pewter or the conductive paste was impossible. Moreover, the 
light-emitting-device chip used for Light Emitting Diode by which the 
conventional proposal is made was using the transparent insulating substrate, and 
since there was the absorption of light by the substrate for the structure which 
takes out the light which emitted light through a substrate, there was also a 
trouble that luminous efficiency fell. 

[0004] this invention tends to solve the aforementioned trouble and tends to 
offer Light Emitting Diode with a good luminescence property with sufficient 
reappearance simply. 



MEANS 



[Means for Solving the Problem] This invention persons can obtain now Light 
Emitting Diode which has a good property with sufficient reappearance by using 
the wire-bonding method, in case all the electrodes and each lead member of the 
element chip using the insulating substrate are connected, as a result of 
repeating research wholeheartedly, in order to solve the aforementioned 
trouble . 

[0006] That is, this invention offers the light emitting diode characterized by 
the structure where all connections between an electrode and a lead member are 
wires in the element chip of the planar structure which has an electrode for 
having at least one luminous layer which consists of two or more sorts of 
combination chosen from the n- type-semiconductor layer, p type, and the 
i-type-semiconductor layer on the insulating substrate, and impressing voltage to 
the predetermined part of a semiconductor layer at a luminous 
layer . 

[0007] If the front face is flat as an insulating substrate in this invention, 
it is good, and transparence is sufficient, and it is good even when it is 
opaque. As a thing typical as an insulating substrate, there are sapphire 
{aluminum 203) , quartz <Si02), magnesium- oxide (MgO) , strontium-titanate 
<SrTi03), calcium- fluoride (CaF2), and magnesium fluoride (MgF2) , titanium oxide 
(Ti02), etc. however, it is good to use **'s whose lattice constant of the 
semiconductor thin film directly formed on a substrate suited to the lattice 
constant of this insulating substrate as much as possible As .for the grid 
mismatching with the semiconductor thin film directly formed on this insulating 
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substrate and a substrate, it is good that considering as 10% or less considers 
as 5% or less desirable still more preferably. For this reason, it is also 
desirable to use that in which only the predetermined angle turned off this 
transparent insulation substrate. For example, in GaN, it becomes what has 
desirable using the substrate which turned off the Rth page of 9 . 2 degrees of 
sapphire. Moreover, when the grid mismatching of an insulating substrate and a 
semiconductor thin film is very large, you may prepare a buffer layer between 
this insulating substrate and a semiconductor thin film. As a buffer layer, the 
amorphous -like matter, for example, AlN, GaN, Si, SiC, etc., can prepare A1N, 
ZnO, SiC, etc. as single crystal matter. 

[0008] As a method of forming a luminous layer on an insulating substrate in 
this invention, semiconductor growth equipments, such as the MBE (Molecular Beam 
Epitaxy) method, the CBE (ChemicalBeam Epitaxy) method, the MOMBE (Metal Organic 
MBE) method, the CVD (Chemical Vapour Deposition) method, and the MOCVD (Metal 
Organic CVD) method, can be used. A luminous layer is formed on an insulating 
substrate by the above-mentioned thin film production method. This luminous layer 
may be any of MIS structure, the single hetero structure of having pn junction 
and double hetero structure, quantum well structure, or a 
superstructure . 

[0009] The luminous layer in this invention is a luminous layer which consists 
of two or more sorts of combination chosen from the n- type-semiconductor layer, p 
type, and the i- type -semi conduct or layer. Moreover, although either a III-V group 
compound semiconductor or an II-VI group compound- semiconductor is OK as the 
semiconductor which forms these luminous layers, the GaN system semiconductor 
which is a III-V group compound semiconductor is [ that growth of a crystalline 
good thin film is possible, and ] especially desirable to the sapphire which is 
an insulating substrate, CaF2 , MgO, etc. 

[0010] The light-emitting-device chip in this invention needs to form the 
electrode of a positive/negative couple in the same flat surface by the side of a 
luminous layer, in order to use an insulating substrate, and it must etch a 
luminous layer. As the etching method performed to the well of this 
light-emitting-device chip production, you may use whichever of the wet etching 
method and the dry etching method according to the kind of luminous 
layer. Heat-treating after etching is also desirable, by performing this heat 
treatment, membraneous degradation received by etching can be recovered, an 
interfacial resistance can be lowered, and current required for luminescence can 
be acquired by the low battery. What is necessary is just the furnace which can 
control the atmosphere of a tubular furnace, a lamp annealing furnace, etc. as 
equipment which heat-treats. 

[0011] As the electrode formation method of the light-emitting-device chip in 
this invention, the MBE method, a vacuum deposition method, an 
electron-beam-evaporation method a spatter, etc. occur. That from which ohmic 
contact is obtained by a n-type semiconductor, p type, or each i type 
semiconductor as an electrode material may be desirable, and a metal simple 
substance is sufficient as it, and it may use what mixed and alloyed two or more 
sorts of metals. The conditions for obtaining this ohmic contact have the good 
metal which has a work function smaller than the work function of a semiconductor 
as an electrode by the side of a n-type semiconductor, and it is good to use the 
metal which has a bigger work function as an electrode by the side of a p type 
semiconductor than the work function of a semiconductor. For example, in GaN 
which is a III-V group compound semiconductor, it is good for an n type GaN layer 
to use aluminum, In, Ti , Pb, Sb, Nb, Zr, Mn, etc. for an electrode, and good 
ohmic contact is obtained by i type or the p type GaN layer by using Au, Pt, 
germanium, As, Ir, Re, Rh, Pd, nickel, W, etc. for an electrode. Moreover, in 
order to raise an adhesive property, and to improve the thermal resistance of the 
polar zone, it is [ be / in case / an element chip is pasted up on a lead member 
after this ohmic electrode formation, ] also desirable to carry out the 
laminating of the metals, such as nickel, Ti, Au, and W, on an ohmic 
electrode . 
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[0012] It is also desirable to neat-treat below by the decomposition temperature 
of a semiconductor in the gas stream which contains the composition element of 
the inside of inert gas styles, such as Ar, N2, and helium, or this semiconductor 
after electrode formation, this is enabled to lower the interfacial resistance of 
an electrode and a semiconductor, and it can obtain good diode 

characteristics. As for Light Emitting Diode in this invention, it is desirable 
to devise an electrode configuration in order to take the structure which takes 
out light from an electrode side. In order to take out the light which emitted 
light from an electrode side, it is that wrap electrode area makes preferably the 
front face of this p type or a i-type-semiconductor layer 30% or less still more 
preferably 40% or less 50% or less. Therefore, although an electrode needs to 
form a pattern on the front face of p type or a i-type-semiconductor layer, and 
it can consider as the letter of a network shown in drawing 4 as an example of 
a pattern, the shape of Cush which are shown in drawing 5 , and the shape of 
MIANDA which are shown in drawing 6 , and there are combination of these 
patterns, the shape of a whirl and an island, etc. further, it is not limited to 
especially these. If the width of face of an electrode and an inter-electrode 
distance narrow width of face of an electrode and inter-electrode distance is 
made small that what is necessary is just to change with the electric resistance 
of p type or a i-type-semiconductor layer, or the size of voltage to impress, its 
ejection efficiency of light will improve. While impressing voltage to the front 
face of p type or a i-type-semiconductor layer uniformly by making width of face 
of an electrode into a submicron grade, and making inter-electrode into the 
interval about submicron one, ejection efficiency of light can also be 
enlarged . 

[0013] Moreover, in this invention, it will also become desirable to prepare at 
least a kind of metallic reflective layer as shown on the field in which the' 
luminous layer on a substrate is not formed at drawing 11 . It is enabled for 
this metal layer to reflect the light which emits light in the luminous layer 
which comes to combine a n- type -semi conduct or layer and p type, or a 
i-type-semiconductor layer, and comes out through a substrate, and to take it out 
from an electrode side. Thereby, the ejection efficiency of the light of a light 
emitting device can be raised. As a material used as a metallic reflective layer, 
there are metaled simple substances or those alloys, such as aluminum, In, Cu, 
Ag, Pt, Ir, Pd, Rh, W, Mo, Ti, and nickel. A metallic reflective layer becomes 
what has at least a monostromatic desirable [ also considering as the structure 
which carried out the laminating of the metal of high-melting points, such as 
nickel, W, and Mo, in order to make the pewter-proof nature when mounting in a 
leadframe, and thermal resistance and bonding-proof nature improve ] although it 
is good. 

[0014] The configuration of the leadframe in this invention is [ that what is 
necessary is just the structure where other lead members are connectable with 
each electrode for impressing voltage to the connection for fixing an element 
chip to a lead member, and each part of an element chip with a wire, respectively 
] changeable with the electrode configuration of a light-emitting-device 
chip. Since luminescence is condensed effectively, as for a leadframe, it is 
desirable to establish a mirror side. 

[0015] What is generally used for the lead member as a material of the adhesion 
at the time of performing die bonding in the light-emitting-device chip in this 
invention can be used. For example, Bi little to Au-Si, an Pb-Sn alloy system 
pewter, and this pewter, To what added metals, such as Sb, Ag, Cd, Zn, and In, 
and Bi, Na, To what added and alloyed Tl , Cd, Sn, Pb, etc., and In, Zn, Cd, There 
is a conductive paste containing metals, such as what added and alloyed Sn, Bi, 
etc., a thing which added and alloyed Ag, Zn, Sn, In, etc. to Ga, and Au, 
aluminum, In, Ag, Ag, Au, Cu, etc. As a method of pasting up an element chip and 
a lead member, there is a method using conventional die bonding 
equipment, namely, a glue line this polar zone of an element chip, or a lead 
-- it pastes up by heating a lead member beyond the melting point of the charge 
of a binder, sticking this polar zone and this lead member, after forming in the 
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adhesion side of the element chip of a member with a vacuum deposition the 
applying method, or plating 

[0016] Moreover, in case the electrode section and the lead member of a 
light-emitting-device chip in this invention are wired, it is the feature to use 
the wire bonder method, after fixing an element chip to a lead member by the die 
bonding method — wire-bonding equipment — setting — heating -- and -- or the 
electrode section and a lead member are connected by impressing an ultrasonic 
wave As a material of a wire used at this time, there are alloys, such as metals, 
such as Au, Ag, Cu, and aluminum, Au-Si, aluminum-Si, aluminum-Mg, 
aluminum-Si-Mg, and aluminum-nickel, and which material is used should just 
choose in consideration of the material of the electrode section of a 
light-emitting-device chip, or the workability of wirebonding. Especially, I hear 
that workability is good and it is desirable. [ of Au or aluminum-Si ] The size 
of a wire is usually 2 0-3 00micrometerphi that what is necessary is just to choose 
in consideration of the workability of size **** wirebonding of the electrode 
section of a light-emitting-device chip. Moreover, in order to prevent 
oxidization of a wire, it is also a desirable method to perform wirebonding in 
inert gas . 

[0017] it is desirable that the light transmittance in the luminescence 
wavelength range of a light-emitting-device chip uses 80% or more of translucency 
material as a closure material in this invention. As this translucency material 
an methacrylic system resin, an epoxy system resin, a polycarbonate system resin, 
a polystyrene system resin, and POREORE fin system resin **** can use a kind, 
even if there are few low melting glasses, as the closure method -- the metal 
mold of for example, a request configuration -- the raw material or heating 
melting object of such translucency material -- a notes form -- carrying out -- 
metal mold -- the method of solidifying inside can be used As the method of this 
solidification, cooling solidification, a chemical reaction, etc. can be 
mentioned with the polymerization solidification by the heat or light of a 
monomer or oligomer, and a heating malting object. If there is need in this 
translucency material, it is also possible to add the lubricant for the 
antioxidant for stabilization of the coloring matter for color tone adjustment or 
a visibility amendment, a pigment, a fluorescent substance, etc. of a resin, a 
stabilizer, and a fabricating operation and lubricant. 

[0018] Although the example of Light Emitting Diode produced using the all 
directions method explained above is shown in drawing 3 , it is not limited to 
this. The element chip 24 is an element chip of the planar structure which has an 
electrode for having at least one luminous layer which consists of two or more 
sorts of combination chosen from the n-type-semiconductor layer, p type, and the 
i type semiconductor on the insulating substrate, and impressing voltage to the 
predetermined part of each semiconductor layer at a luminous layer, the substrate 
side of this element chip, or a lead -- the lead after depositing a pewter by the 
vacuum deposition to the adhesion side of a member 22 -- the element chip 24 is 
put on the adhesion side of a member 22, and it heats beyond the melting point of 
a pewter and pastes up Then, each electrode and each lead member are connected by 
the gold streak using the wirebonding method. Then, it closes by translucency 
material and Light Emitting Diode25 is produced. 

[0019] It is aluminum 203 as an insulating substrate as the following and an 
example. Although how to use it, form a GaN thin film using the MBE method, and 
produce Light Emitting Diode is explained, it is not limited to especially 
this. The gas source MBE equipment equipped with the crucibles 2, 3 and 4 for 
evaporation (KUNUDOSENSERU) , the g*s cell 7, and the substrate heating electrode 
holder 5 in the vacuum housing 1 as shown in drawing 1 as equipment was 
used. 

[0020] Ga metal was put into the crucible 2 for evaporation, and it heated to 
the temperature set to 1013-1019-/cm2 and sec in a substrate side. It was made to 
spray ammonia on introduction of ammonia directly from the inside of a gas cell 7 
at a substrate 6 using the gas introduction pipe 8. The amount of introduction of 
ammonia was supplied so that it might be set to 1016-1020- /cm2 and sec in a 
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substrate front face. In, aluminum, etc. are put into the crucible 3 for 
evaporation, and membranes are formed by controlling temperature and time so that 
it may become the semiconductor which has the compound semiconductor and the 
predetermined carrier density of predetermined composition. Mg, Zn, Be, Sb, Si, 
germanium, C, Sn, Hg, As, P, etc. are put into the crucible 4 for evaporation, ' it 
dopes by controlling temperature and supply time so that it may become the 
predetermined amount of supply, and n type and i type, or a p type semiconductor 
layer is formed. 

[0021] The Rth page of sapphire was used for the substrate 6, and it heated at 
200-900 degrees C. The thing of 0.8 or less degrees has [ the Rth page substrate 
of sapphire ] a desirable OFF angle. First, after heating a substrate 6 at 750 
degrees C within a vacuum housing 1, each crucible is set as predetermined growth 
temperature, the crucible 3 for evaporation is opened first, and an n type GaN 
thin film with a thickness of 0.05-2 micrometers is produced by the growth rate 
of 0.1-30A / sec. Furthermore, after that, the shutter of the crucible 4 for 
evaporation which charged Zn is opened, i type or a p type GaN thin film is 
formed by the thickness of 0.01-1 micrometer by the growth rate of 0.1-30A / sec, 
and a luminous layer is formed. At the time of this membrane formation, a gas 
cell is always heated, and ammonia is supplied to a substrate front 
face . 

[0022] The process which produces Light Emitting Diode using the GaN thin film 
which has the luminous layer which formed membranes by the above methods is 
explained according to drawing 2 (h) from drawing 2 (a) . A vacuum deposition 
method is used and it is aluminum 203. The vacuum evaporationo of the 
metallic-reflection film 17 is carried out to a side (a). A resist is applied to ■ 
a GaN thin film front face. As for the thickness of a resist, it is desirable to 
be referred to as 0.1-3 micrometers that what is necessary is just to change with 
the thickness of a GaN thin film to **********. The conditions of a spin coater 
are 2500rpm and 30sec. A prebake is carried out for 30 minutes within the clean 
oven heated by 90 degrees C after the application (b) . Then, UV exposure and 
development were performed using the mask for element pattern formation (c) . The 
GaN thin film 14 of i layers or p layers is removed by the ion milling method, 
using Ar as gas <d) . A resist is removed after an ion milling end using an 
acetone . 

[0023] In addition, it can decide on time to perform ion milling in each process 
by the thickness which etches. The sample was set after the above process and in 
the tubular furnace, and it heat-treated for 30 minutes at 500 degrees C.by 
making ammonia into atmosphere. After having applied the resist again, having 
performed the prebake after heat treatment, and performing UV exposure and 
development using the mask for n layer electrode formation continuously, the 
vacuum evaporationo of the aluminum was carried out to the thickness of 3000A as 
an electrode of the n type GaN layer 15 by (e) and the vacuum deposition method, 
and the electrode pattern 19 was formed by the lift off <f ) . Subsequently, after 
having applied the resist again, performing the prebake and performing UV 
exposure and development using the mask for i layer electrode formation, the 
vacuum evaporationo of the Au was carried out to the thickness of 3000A as an 
electrode of p type or the i type GaN layer 14 by (g) and the vacuum deposition 
method, and the electrode pattern 20 was formed by the lift off (h) . Then, 300 
degrees C and heat- treatment of 1 hour were performed in Ar 
style . 

[0024] the metallic-reflection film of the light-emitting-device chip produced 
as mentioned above -- a pewter a lead a member 22 -- pasting up -- the 
electrode of an n type GaN layer and an i type GaN layer wire bonder equipment 
-- using -- 3 0micrometerphiAu lines 23 -- respectively -- a lead -- a member 21 
and a lead bonding was carried out to the member 22 Then, SmmphiLight Emitting 
Diodes25 as perform molding by the transparent epoxy resin and show a 
light-emitting-device chip to drawing 3 were 
produced . 
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EXAMPLE 

.[Example] Hereafter, an example explains to a detail 

further . 

[0026] 

[Example 1] aluminum2 03 R page is used as an insulating substrate, a GaN thin 
film is formed by the MBE method, and the example which produced Light Emitting 
Diode using the element chip which has MIANDA-like electrode structure is 
explained. The MBE equipment equipped with the crucibles 2 and 4 for evaporation, 
the gas cell 7 and the substrate heating electrode holder 5, and the gas 
introduction pipe 8 for supplying gas to a gas cell 7 further in the vacuum 
housing 1 as shown in drawing 1 was used. 

[0027] Ga metal was put into the crucible 2 for evaporation, and it heated at 
1050 degrees C. Ammonia was used as gas and the gas cell 7 was supplied at the 
rate of 5 cc/min through the gas introduction pipe 8. Ammonia gas was made into 
structure which is directly supplied to a substrate 6 . As a substrate 6, an OFF 
angle uses the Rth page of the sapphire which is 0.5 degrees. The pressure in a 
vacuum housing was 2xl0-6Torr at the time of membrane 
formation. 

[0028] First, it heats for 30 minutes at 900 degrees C, and membranes are formed 

by subsequently to the temperature of 750 degrees- C holding a substrate 

6. Membrane formation is performed by opening the shutter of the crucible of Ga, 

supplying ammonia from the gas cell 7 heated at 300 degrees C, and it is 0.5 

micrometers of thickness at 1 . 5A / membrane formation speed of sec. The n type 

GaN thin film was produced. The shutter of the crucible 4 for evaporation which 

furthermore charged Mg and was kept at 300 degrees C was opened, the GaN thin 

film of Mg dope was formed by the thickness of 0.05 micrometers of thickness at 

1.5A / membrane formation speed of sec, and the luminous layer was 

formed. Crystallinity and flat nature were good at the shape of a streak, and 

when the RHEED pattern of this produced thin film measured resistance, it had 

resistance of 10 M omega or more, and was in the insulating 

state. 

[0029] The vacuum deposition method was used for the opposite side of the 
substrate side in which the luminous layer is formed, the vacuum evaporationo of 
the aluminum was carried out to it by the thickness of 3000A in the vacuum of 
2xlO-6Torr, and the reflective film was formed in it. Then, on the luminous 
layer, the spin coater was used, the resist was applied on condition that 2500rpm 
and 3 0sec, and the prebake was carried out for 3 0 minutes in 90 -degree C clean 
oven. After BEKU, using the mask for element pattern formation, UV exposure was 
carried out and negatives were developed. Then, ion milling was performed for 15 
minutes by Ar of the conditions of acceleration voltage 500V and pressure 
2xlO-4Torr, and element pattern formation was performed. Then, the resist was 
removed using the acetone. Next, the resist was again applied on condition that 
2500rpm and 30sec using the spin coater, and the prebake was carried out for 30 
minutes in 90-degree C clean oven. After BEKU, using the mask for i layer 
removal, UV exposure was carried out and negatives were developed. Then, ion 
milling was performed for 1 minute in Ar atmosphere of the conditions of 
acceleration voltage 500V and pressure 2xlO-4Torr, and i unnecessary layers were 
removed. Then, the acetone removed the resist. Subsequently, it set to the 
tubular furnace and 500 degrees C and heat treatment for 30 minutes were 
performed in the ammonia gas stream of 10 cc/min. Furthermore, the resist was 
applied on condition that 2500rpm and 30sec using the spin coater, and the 
prebake was carried out for 3 0 minutes in 90-degree C clean oven. After BEKU, 
using the mask for electrode formation of an n type GaN layer, UV exposure was 
carried out and negatives were developed. Then, the vacuum deposition machine was 
equipped and vacuum deposition of the aluminum metal was carried out by the 
thickness of 0.2 micrometers in the vacuum of 2xlO-6Torr. Then, the lift off was 
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carried out with the acetone and the electrode pattern was formed. Subsequently 
using the mask for electrode formation of an i type GaN layer, UV exposure was 
carried out and negatives were developed. Then, the vacuum deposition machine was 
equipped and vacuum deposition of the Au metal was carried out by the thickness 
of 0.2 micrometers in the vacuum of 2xlO-6Torr. Then, the lift off was carried 
out with the acetone and the electrode pattern was formed. Heat-treatment was 
performed for this produced light emitting device at 300 degrees C in Ar style 
for 1 hour, and the element chip which has MIANDA-like electrode structure was 
completed. The side elevation and plan of an element chip which were produced 
were shown in drawing 7 (a) and (b) . 

[0030] Cutting of each chip was performed using the dicing saw. The one-element 
chip was set to 0.5mmx0.5mm. One chip of these was taken out and die bonding of 
the reflective film side was carried out to the lead member with Ag 
paste. Furthermore, an n type GaN layer electrode, an i type GaN layer electrode, 
and each lead member were connected by 30micrometerphiAu lines using wire-bonding 
equipment. Light Emitting Diode as closed the light emitting device produced by 
the above-mentioned method by the transparent epoxy resin and shown in drawing 8 
was produced. 

[0031] When 100 Light Emitting Diodes were produced by the same method, 
luminescence was checked by 99 Light Emitting Diodes. When the luminescence 
intensity of this Light Emitting Diode is measured, it is 60mcd(s) in 8V and 
2 0mA, and blue luminescence was observed. 
[0032] 

[The example 1 of comparison] It is aluminum 203 by the same method as an 
example 1. Element-ization was performed using the GaN thin film which has the 
luminous layer which formed membranes on the substrate. Element production 
process was also performed by the same method as an example 1, and with Ag paste, 
after the two electrodes of an n type GaN layer and an i type GaN layer performed 
die bonding to the lead member, they were closed by the transparent epoxy resin 
and produced Light Emitting Diode. When 100 Light Emitting Diodes were produced 
by the same method, the electrode of positive/negative was connected with Ag 
paste and what emits light only by nine Light Emitting Diodes was not 
obtained. 
[0033] 

[Example 2] aluminum2 03 R page is used as an insulating substrate, and the 
example which formed the Gal-x Inx N thin film by the MBE method, and produced 
Light Emitting Diode of 2 color luminescence is explained. The MBE equipment 
equipped with the crucibles 2, 3, and 4 for evaporation, the gas cell 7 and the 
substrate heating electrode holder 5, and the gas introduction pipe 8 for 
supplying gas to a gas cell 7 further in the vacuum housing 1 as shown in 

drawing 2 was used. 

[0034] Ga metal was put into the crucible 2 for evaporation, and it heated at 
1020 degrees C, and In metal was put into the crucible 3 for vacuum evaporations 
and it heated at 1000 degrees C. Ammonia was used as gas and the gas cell 7 was 
supplied at the rate of 5 cc/min through the gas introduction pipe 8. Ammonia gas 
was made into structure which is directly supplied to a substrate 6 . As a 
substrate 6, an OFF angle uses the Rth page of the sapphire which is 0.5 
degrees . 

[0035] The pressure in a vacuum housing was 2xlO-6Torr at the time of membrane 
formation. First, it heats for 30 minutes at 900 degrees C, and membranes are 
formed by subsequently to the temperature of 700 degrees C holding a substrate 
6. Membrane formation is performed by opening the shutter of the crucible of Ga 
and In, supplying ammonia from the gas cell 7 heated at 300 degrees C, and it is 
0.5 micrometers of thickness at 1 . 5A / membrane formation speed of sec. The n 
type Ga0.8 InO . 2 N thin film was produced. The i type GaO . 8 InO . 2 N thin film 
which opened the shutter of the crucible 4 for evaporation which furthermore 
charged Mg and was kept at 300 degrees C, and doped Mg was formed by the 
thickness of 0.05 micrometers of thickness at 1 . 5A / membrane formation speed of 
sec, and the 1st luminous layer was formed. Next, after raising substrate 
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temperature to 750 degrees C and stabilizing temperature for 30 minutes, open the 
shutter of the crucible of Ga and the n type GaN thin film of 0.5 micrometers of 
thickness is grown up by the growth rate of 1.5A / sec. The i type GaN thin film 
which furthermore opened the shutter of the vacuum evaporation© crucibles 2 and 4 
on it, and doped Mg was formed by the thickness of 0.05 micrometers of thickness 
by the growth rate of 1 . 5A / sec, and the 2nd luminous layer was 
formed . 

[003 6] The vacuum deposition method was used for the opposite side of the 
substrate side in which the luminous layer is formed, the vacuum evaporation© of 
the aluminum was carried out to it by the thickness of 3000A in the vacuum of 
2xl0-6Torr, and the reflective film was formed in it. Then, on the luminous 
layer, the spin coater was used, the resist was applied on condition that 2500rpm 
and 30sec, and the prebake was carried out for 30 minutes in 90-degree C clean 
oven. After BEKU, using the mask for element pattern formation, UV exposure was 
carried out and negatives were developed. Then, ion milling was performed for 25 
minutes by Ar of the conditions of acceleration voltage 500V and pressure 
2xlO-4Torr, and element pattern formation was performed. Then, the resist was 
removed using the acetone. Next, the resist was again applied on condition that 
2500rpm and 30sec using the spin coater, and the prebake was carried out for 30 
minutes in 90-degree C clean oven. After BEKU, using the photo mask, UV exposure 
was carried out and negatives were developed. Then, ion milling was performed for 
15 minutes in Ar atmosphere of the conditions of acceleration voltage 500V and 
pressure 2xlO-4Torr, and the unnecessary i type GaN layer, the n type GaN layer, 
and the i mold Ga0.8 In0.2 N layer were removed. Next, the resist was again 
applied on condition that 2500rpm and 30sec using the spin coater, and the 
prebake was carried out for 30 minutes in 90-degree C clean oven. After BEKU, 
using the photo mask, UV exposure was carried out and negatives were 
developed. Subsequently, ion milling was performed for 13 minutes in Ar 
atmosphere of the conditions of acceleration voltage 500V and pressure 
2xl0-4Torr, and the unnecessary i type GaN layer and the n type GaN layer were 
removed. The resist was applied on condition that 2500rpm and 30sec using the 
spin coater further again, and the prebake was carried out for 3 0 minutes in 
90-degree C clean oven. After BEKU, using the photo mask, UV exposure was carried 
out and negatives were developed. Then, the unnecessary i type GaN layer was 
removed using ion milling. Then, the acetone removed the resist. Subsequently, it 
set to the tubular furnace and 500 degrees C and heat treatment for 3 0 minutes 
were performed in the ammonia gas stream of 10 cc/min. Furthermore, the resist 
was applied on condition that 2500rpm and 30sec using the spin coater, and the 
prebake was carried out for 3 0 minutes in 90-degree C clean oven. After BEKU, 
using the mask for electrode formation of an n type GaN layer and n mold Gao'. 8 
In0.2 N layer, UV exposure was carried out and negatives were developed. Then, 
the vacuum deposition machine was equipped and vacuum deposition of the aluminum 
metal was carried out by the thickness of 0.2 micrometers in the vacuum of 
2xl0-6Torr. Then, the lift off was carried out with the acetone and the electrode 
pattern was formed. Subsequently, using the mask for electrode formation of an i 
type GaN layer and i mold GaO . 8 In0.2 N layer, UV exposure was carried out and 
negatives were developed. Then, the vacuum deposition machine was equipped and 
vacuum deposition of the Au metal was carried out by the thickness of 0 . 2 
micrometers in the vacuum of 2xl0-6Torr. Then, the lift off was carried out with 
the acetone and the electrode pattern was formed. Heat-treatment was performed 
for this produced light emitting device at 300 degrees C in Ar style for 1 hour, 
and the structure of an element chip was completed. The side elevation and plan' 
of an element chip which were produced are shown in drawing 9 (a) and 
(b) . 

[0037] Cutting of each chip was performed using the dicing saw. The one-element 
chip was set to lmmxlmm. One chip of these was taken out and die bonding of the 
reflective film side was carried out to the lead member with the Pb-Sn 
pewter. The n type GaN layer and the n mold GaO . 8 InO . 2 N layer electrode were 
connected by 3 0micrometerphiAu lines using wire-bonding equipment after 
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that. Furthermore, the i type GaN layer electrode, a lead member and an i type 
Ga0.8 In0.2 N layer electrode, and the lead member were connected by 
30micrometerphiAu lines using wire-bonding equipment. The light emitting device 
produced by the above-mentioned method was closed by the transparent epoxy resin 
and Light Emitting Diode as shown in drawing 10 was produced. 
[0038] When 100 Light Emitting Diodes were produced by the same method, 
luminescence was checked by 95 Light Emitting Diodes, the place which measured 
the luminescence intensity of this Light Emitting Diode — a lead -- a member 66 
and a lead -- a member 67 10V and luminescence with blue 40mcd(s) at 18mA -- a 
lead a member 66 and a lead -- in the member 68, 8V and luminescence with 
green 60mcd(s) at -20mA were observed 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the MBE equipment used for thin film 
production. 

[Drawing 2] (a) - (h) It is the cross section having shown the production 
process of Light Emitting Diode. 

[Drawing 3] It is the cross section of Light Emitting Diode produced by the 
method by this invention. 

[Drawing 4] It is the plan of the light emitting device in which the letter 
electrode of a network was formed. 

[Drawing 5] It is the plan of the light emitting device in which the Cush-like 
electrode was formed. 

[Drawing 6] It is the plan of the light emitting device in which the MIANDA-like 
electrode was formed. 

[Drawing 7] (a) It is the cross section of the element chip produced in the 
example 1 . 

(b) It is the plan of the element chip produced in the example 1. 

[Drawing 8] It is the cross section of Light Emitting Diode produced in the 

example 1 . 

[Drawing 9] (a) It is the cross section of the element chip produced in the 
example 2 . 

(b) It is the plan of the element chip produced in the example 2. 

[Drawing 10] It is the cross section of Light Emitting Diode produced in the 

example 2 . 

[Drawing 11] It is the cross section of a light emitting device which consists 
of structure where the metal layer was formed in the near substrate side in which 
a luminous layer is not formed. 

[Drawing 12] It is the cross section of Light Emitting Diode produced by the 
conventional method. 

[Drawing 13] It is the cross section of Light Emitting Diode of the flip chip 
method produced by the conventional method. 
[Description of Notations] 

1 Vacuum Housing 

2 Crucible for Evaporation 

3 Crucible for Evaporation 

4 Crucible for Evaporation 

5 Substrate Heating Electrode Holder 

6 Substrate 

7 Gas Cell 

8 Gas Introduction Pipe 

9 Flow Regulation Bulb 

10 Cryopanel 

11 Cold Trap 

12 Oil Diffusion Pump 
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13 Oil Sealed Rotary Pump 

14 P Type or I -Type -Semi conduct or Layer 

15 N-type-Semiconductor Layer 

16 Insulating Substrate 

17 Metallic-Reflection Film 

18 Resist 

19 N-type-Semiconductor Layer Electrode 

20 P Type or I-Type-Semiconductor Layer Electrode 

21 Lead Member (1) 

22 Lead Member (2) 

23 Metal Wire " 

24 Element Chip 
2 5 LED 

26 Electrode 

27 I Type GaN Layer Electrode 

28 N Type GaN Layer Electrode 

2 9 I Type GaN Layer 

30 N Type GaN Layer 

31 Silicon on Sapphire 

32 Aluminum Reflective Film 

33 Lead Member (3) 

34 Lead Member (4) 

35 Au Wire 

3 6 GaN Light-Emitting-Device Chip 

37 GaNMIS Type Light Emitting Diode 

38 I Type GaO . 8 InO . 2 N Layer Electrode 

39 N Type GaN Layer and N Type GaO . 8 InO . 2 N Layer Electrode 

40 I Mold GaO. 8 InO . 2 N Layer 

41 N Mold GaO. 8 InO . 2 N Layer 

42 Lead Member (5) 

43 Lead Member (6) 

44 Lead Member (7) 

45 GaN, GaO. 8 InO . 2 N Light-Emitting-Device Chip 

46 2 Color Luminescence Light Emitting Diode 

47 Lead Member (8) 

48 Lead Member (9) 

49 Leadframe 

50 Mirror Side 

51 Lead Member (10) 

52 Lead Member (11) 



DRAWINGS 



[Drawing 1] 
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[Drawing 8] 




[Drawing 11] 
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*W#BStt*&t)1tr&-5JBeBlC*^TWtLT* 

ssa UTttiT < br€BB36> e^omrc 

Tffit»n^^^i:LT«A 1 . In, Cu. Ag, P 
t, Ir, Pd, Rh, W, Mo, Ti, N i 
(0****lf»tt-tnS©^**«*-&. «M£ltB». - 
Bfc # «"Cfc<kV>*«, U-H7U-AlC*»"r«i:*0» 

*»CNi, W, Mo*CE>KBAflE)*B««IBl/ft«IBa: 

5^ rsctfe»SLl»t>«>itt-5, 
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[0 0 14] *»98(w*tt«U-K7l/-A(Z)»«tt* 

[0 0 15] *«MK*»Sj83t*^!y^U-Ha5 

— jB»tCtttonT^*t»©**«fflT*S. MAtfAu- 
Si, Pb-Sn§4«A>^ Z<D/\>?\Z'>mo 
Bi, Sb. Ag, Cd, Zn, I n^<3&JS£&;&nL 
fcfcO). BilCNa, TK.Cd, Sn, Pb$9$gsJD 
b-&ftftUfct>0, IntCZn, Cd, Sn, B J 
JBlnLS<feftl/&t)0, GafcAg* Zn, S ik In 
®&mmL'£&{tl>?th<D. Au, AK In, AgS? 
©4i*5UttAg, Au, Cu3§££<&A>*:Wmte^- 

[0 0 16] Sfe*£n£*WSX3»^y:/®tt 

^>^se*c-ty M^rtnJis*j;tf. &£fr>f*fistt£ 
Blur* c t ic<fc o ««tf * y - PWt&ettrr*. 

z.ot*mH*v<(*-i>tmtLr\& Au. Ag. 

Cu, Al^CD&JR, Au-Si, Al-Si, Al- 
Mg, Al-Si-Mg, A 1-N1 0, 

V>. fc*>T*>, Au*>A 1 - S i J; fr* £1^3 

7^-©*$li, i&tmtty^to 

Ta^tf<fc<, I#tt2 0-3 0 0 /im<(>n5. * 

[0 0 17] *»Hfc*lta»jfc«»»tl,Ttt583e«^ 
5^ 70»*ttft«HT©#aa*i«8 0 X6l±©aifc 

r«. *^y;i^«fi&, x#^s/*«hb» #y*-# 
a k zti oaxtttt»oR)H«&aiiDB8]ii(i:«a» 



*«w«:t*«T«4. c(Da%tttmtz»«S3at» 

[0 0 18] K±3BBLfcftA-**ffl^Tf^«bfeLE 

*^y^O*lSB**^«y- H«Bf 2 2 0>tt*a£ 
Sfi£TA>^$I«im y-F«H2 2<Dl*»If 
\zm??y 72 4 ft«*/\>y©]||jiiSU:Kln*L-c« 

»?■*. A«a«n-pn©y-Kas»i:*7 

# a3ttttf»IC«fcO»jfcl/TLED2 5*fP»*r 

*. 

[0 0 19] £*T, -WtLTlftWHMSiLTAli 
Os «««LrMBEft*ffl^TGaN»RtJS«UL 

;w 2, 3*5*0:4, »^-b;P7, mmmm*)ir?-s 

*fiAfc#X7-XMBEBB£tt/IIL&. 
[0 0 2 0] 3K58«JP!y#2lCttGaft«*Atl, £« 
50 SICfc^Tl 0 18 -1 0 l '/cm' • s e clCfcSfcS 
(Cja&Lfc. 7>^-7©£A(Ctt#XS*AS8£ffl 

tl0 l «-10 10 /cm ! • s e cfcfcaiiKfltt&L 

fti. aaffl;py#4JCJ4Mg, Zn, Be, Sb, S 
Ge, C, Sn, Hg, As, P^^An, Bffi© 

[0 0 2 1] &«6tCte-*7 7'1'7R®£&#U 2 0 

0-9 o or lean** Lit. ^77^ 7R®g£&, *7 

»ifiT7 5 or-nuaixfcfc 
j^fitasics^b, *fa58«^*3ta#. 0. 1 

-3 0t>^hD-A/s e cOjSfcgjS&TO. 0 5 
^2/zm©JP*Onl!GaN»«*ffB'r^. 

50 <D&. Zn$ft-yL?!:MW^4(0yt75'- 
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7 



8 



iSTO. 0 1 -1 <imC0J9*T ia*aWipSGa *;i^-5, £ S£*T*-fe^ 7 EC#X£&*&-r*fca© 

N»Rftj£RLT«#B£»J*-rS. C©fi6RI*K:ttHr 2fXBAB8ftBA&MBEBBS«^fc. 

lC»^-b^ftiii«baMR«Hfc7>^-7*ftlWa. to 0 2 7] «««;ky*2CttGa*K*Atl. 1 0 

[0 0 2 2] K±<Ocfc5ft*ttTJEWLfc58*lt*T 5 O^cMfcL*:. #X t LTSiT>^-7$ffiffl U 

*GaNMMVitLEDSMT4IiSB2 8 Sai^TtfX-fe* 7 tc 5 c c /m i n ©& 

(a) *6H2 (h) JCLfc^oTRWr«. *23fcf £T#*&LK:. 7>^=7»Xtt«R6«C*»«»r5 

fc*ffll»TAl. O. «K4B£ffB 1 7 «ft*«£Lfc. g«6£LTtt, 5S 

(a) . GaN»R$ffil:i/vXhS:i^n. UvX ©-fry y-f 7Rffi£ffijfl-f*. ££#2gf*J©JE*te. A 

£**U2£< 0. l-3/imfc1-*©a*»SL,V>. XfcT [0 0 2 8] S«6£9 0 0t;T3 O^mtDM 

>3-*-©&fMS2 5 0 0 r pm, 30secT» U O^T7 5 0'C©S«t«»U)SIR*ff ^. ARB 

*. SffaiCQ 0TCfc*«Snfc*U->*-^>rtT 7>*=7£3 0 OrfcaifcLfc^X-fe^T^SftftL 

3 0#ffl7W^-^T* (b) . *©fc, ^ /t ^-> **»6Ga©;U!y#©3/^y^-*mtTfr^ 1. 5 

»BHTX**^TUVB*-Sa«rt>& (c) . *>^Xhn-A/sec©&Ra[&TRJf 0. 5 an 

Ar*#X£LTm>T<:*>3U>yttfcJ:0 i R£ ©nBGa NftRtftgLfc. S6fcMgWt-^L 

«»ttpB©GaN«Rl4eft£r* (d) . T3 0 0riC«fc*lJt«»ffl/P!y*4©^r 

5U>^»7«* 7-bh>tfll^Tl/^h*IBl*"r ttMgF-:/©C.aNBR*l. 5*>jf^hn-A/ 



[0 0 2 3] ft*. *33i-C©-f*>*tj > y ftff 3^ # RMKWBLft. £Of|!«l/&«ORHEED;^ 

*. H±©lS©fe B*M*KIW*-fey hLT7> 0, 1 0MQ£U:©&tt#t»9 

*=7*BB»il,T5 0 0<CT3 0 #ffl&#l3IL*:. BBttBT^ib. 

axiaa, hki^xkhmiU 7w<-£*fTK [0029] mm#B&&tirto*mtmoRitm\z 

a^TnB«B»«BV***m>TUVBJtt-aa* *a«»tfc*»^T2X 1 0"«To r r©*£*TA 1 

frsfca (e) , K$«*ffi(CJ:0nSGaNHl 5© £ 3 0 0 0*>^X Kn-A©»»T*»LKItR*» 

SStLTA 1*3 0 0 0^>^X hD-A©^$(C« «UT£#«±fcX fcf >3-*-fcm»T 2 5 

*U U7 h^7II<fc0«SA^->l 9^lt OOrpm, 30 s ecO*ftTl/vXh$if U 9 

(f) . O^T7H*V5>XK*a*U 7W*-9*ft 0t:©^'J->*-^>itiT3 O^^U^-^Lfc. 
K iBBB*£B'rx*tJB<,>TUVB*-aa«fT 30 *-*a. a^/ti'-^aBflC'T^SB^TUVB 

(g) , X£B*£££Qpa»*W2iBGa *U ttV>T, JDjSBEE 5 0 0 V, EE£2x 

N8 1 4 Oiit LTA u * 3 0 0 0 t >5<X h D-A 1 0'<Tor r©*#©ArTl S&W*>^)>9 

©j**ic«»u y7h*7ic,fco«i^->2 0ft feff^»-T-^*->#di*ffofc. *-©», 7-trh>£ 

f»AL1t (h) . *©», Ar»+T3 0 0lC, IBM fl^TI^X ^IXfcf>3-^- 

©»BfflS£fr3&. *m>T2 5 0 0 r pm, 3 0 s e cO*frTI/yX h 

[0 0 2 4] K±©±5fcLTfHILfc«e«^yy «B*U 9 0t©*U->*-7>*T3 0»B7U 

©&K£tfR£/\>yi::<fcDU-K«IJ2 2fc»BU ^-^Lfc. iiBSiOT^JSI^TU 

n*BG aNf, i £G a NS©*«£i7-f -f-#>^~ VB#U «Bbfc. BUT, Jn&*jE 5 0 0 V , jE*j 

BR*fflV>T3 0izmd»Au82 3T-MvWlU-F» 2X 1 0' 4 To r r ©&#©A r gESl^T 1 #|HH * 
#2 1, U-H«tt2 2tC#>5V>^Lfc. *©«, 4? >3U>y€ff^i»B&lBtBSLfc. *©fc % 7 

»**^y:/*a«X**HMfci9*->l^> th^U^XKWSLfc *^T> BttJFK-feyh 

y*BU 0 3lC7K-r«fc5mm<f>LED2 5*fl£Rl/ ITlOc c/rai n^y^-T^XWTS 0 0 



[£BN1] BBttBatLTA-Ii Oi TX5r*B^TUVB*U SftLfc. BUT, XSB 

U MBE*fc±DCaN»R£j8RU 5 7>^W ««ICS« t 2 x l 0~ 5 T o r r ©*9*TA 1 &JK£ 
«f I*ttt*« y*« Ht L E D S «L& 0. 2 /im©J*aT*ffiHi»l,fc. ^©a, 7-feh>T 



s e c©tfR£RTRJP0. 0 5 Mm©^^TJ«RUT 



It. 
[0 0 2 5] 

[0 0 2 6] 



•C, 3 0»IB©B«ia*ffofc. $^tc, Xhf>n-^ 
-£JflV>T 2 5 0 0 r pm, 3 0 s e c O^Tl/yX 
h£»*>U 9 0 , C©^tJ->^-y>4'T3 0^^ 
U^-^Lfc. ^-^B. naGaNB©«a«JG£A© 
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G aN)B©«fi«jaffl©TX^*ffiViTUV(|JEL. 9L 
• Lfc. JB^T. Xa3R*«C«»L2X 1 0- ( Tor 
r CD*£*T?Au&«£0. 2 *im0/P$T£2&Sb 

^*tfc. cofHsufcajK^ftArat^-ca o ox: 

«»^y^ftSjaiS*it. fMb&**yy70«llI 

@*5<fctf±ffi®£®7 (a) , (b) (C^Ufc. 
[0 0 3 0] fify^yr-OW-fyV^y- 
*«^Tffofc. l#Wvy:/MtO. 5mmxo. 5m 

g^~X MC<fc9 U-F»#fc$f>f #>x^ >^/b£, 
S^CnMGaNJBBffi, i IG a NHttfft-ttl-?tl 
«>U-F«»a:ft7-f1'-#>5 s >f >^£«£fflV>T3 
0 u m <f> A u «T»«b£. ieo^ttfffll/fcJBt 
***aWX#*5/M!TitJl:bTB 8 IZtk-T A 5 &L 
ED£f£»bfc. 

[0 0 3 1] InJS^TlO 0<B<7)LED£fe91Lrt: 
9 9BaLBDTB*WM*tl&. :©LE 
D©«3e3iaftai«L>ttC«8 V, 2 0mA-C6 0m 

[0 0 3 2] 

UttKfll] Xam&BB®#ttK:J;9Ali Oa & 

OfrK nSGaNl, iIGaNl(OM«S(i:!>Ag 

BWXtf+^BBTltitbTLEDtffsBbfc. 
I^SOJSTl 0 0B©LED*fMlb&i:C3, Ag 
^-AMCJ:9iE*©«B#:3fca*<3Tb*K 9fi© 
LEDTl/^58»T*fc©tt»Snia:*»oa:. 
[0 0 3 3] 

[ftttfl 2] bTA li Os Rffl£ffi# 

U MBEttCJ; D G a:-« In, N»«£j*Btb2fi 
**OLEDSff«lx)fcWca^TIIBH"r*. H 2 Gift 
f <fc5fc*SJ£Slrtlc. 2S«fll;ky#2> 3, 4, # 

[0 0 3 4] BWB;kyaR2K:ttGa*BfcA*l* 10 

2 ortcun&u B*fl;ky#3fctti nfcB*A*ii 

0 0 0 < CKaoJfcL&. UTst bTtt7>*X7*«JH 
U «X«Af8*lUT^t^7i:5 c c/mi n 
©SST&jtebfc. 7>*X7#>U;HW6ICBJMM& 
■TS«fc5fcBififcbfc. »R6fcbTtt, *:7£#0. 

[0 0 3 5] *S»8rt©flE*tt, «Kl^tci3^T2X 

1 0-«To r rT^oL *r, &&6£9 0 0t;T3 

o#ihiiibu out»7 o ot:©aaica#Lfiiw*fT 

5. faKtt7>^7£3 0 0^£M*bfc#X-fc;l/7 



10 



ttTfrK 1. 5t>^hD-A/ s e c OtfmmB. 
TKJ90. 5uaOn^Gao.5 Ino.i N$R£f£K 
bit. ^KMgfc^-^bTS 0 OVlZ&fztlfzm 
%%)Vy$4<Dis*y*~&H\fiAB&\*-V>>fb1t 
iSGao.s Tno.j 1 . 5*>^ho-A 

/s e cOjfflRSflmMO. 0 5 um©/P3TJ5fl&L 

T»i©sijejB*«jsLfc. *tcssiaa^7 5 otc 

±tfT3 0#ffififg£££*#;t&, GaW^y 

5&&TBB0. 5 jimOnfiGaNIMIfeSftU £ 
^lC^^±(C^^;l/\y#2*ct^4Civ^y^-- : £3B^ 
TMgSF-fcf^b&ifflGaNBKftl. 5^*>^ 
A hD— A/s e c C0j££3|j£TI&JP 0 . 0 5 umCDff 
$ T^W bTSfl 2 ©£ftfl £#jg£ b &. 

[0036] »*jBA«»jfi$nrv^*«BoK*faiir 
$ 3 o o o *>^x h n-A<D&2rm%L&%m*& 

a? 5 0 0 rpm, 3 0 s e c0*frTUyX h^U 
9 0t;cO^U->^-^>4 ] "C3 0^ffi^U^-^b 

VBJfcU ^«bfc. «^T, iflj&«JEE5 0 0 V, JE^J 
2 x 1 0' 4 To r r ^frWArT2 5#M"f ;f>^ »J 

>fc«WTU5?Ah*»*L&. *lc, fS£Xfcf>3- 
*-*JflV>T2 5 0 0 r pm, 3 0s ecO*frTl/y 
XhtWU 9 QXM9V — >*—7>q*'V3 0#|BJ 

<?0 B*U Efcbfco BUT. UDa«JE5 0 0V, ££2 
x 1 0* 4 To r r<D$#CDAr#Bfl*Tl 5#|flH* 
>5U>y*fTV^#K& iiGaNl, nSGaN 
B, iSGao.. I no., NB*«*bfc. PIS 
xe>3-^-$)«HT2 5 0 0 rpm, 30s ecO 
MTUyXhSitU 9 O'CcDiMJ 
T3 0#W:/l^-£b*:. 7thTX^$ 
B^TUVBXU SBI&. OUT, Jn^«E5 0 0 
V, JE#2X 1 0' 4 To r rCD*ffOArSMtTl 
3#ffl«f:t>5 ■J>i'*frV>**Bfc i IGaNg, n 

40 §SGaNB£f$£b£. $ ^(CSSA t:>a-^-£ffl 
^T2 5 0 0 rpm, 30s ec^frTl/yXhSi 
*frU 9 0 , C£D^iJ->^-^>^T3 O^fW^k^- 

GaNS^SLt ^©a, 7-feh>-Cl/vX 
*bfe. ^Ht? v fttW:-fey hLTlOcc/min 
O7>^7^X»fT5 0 0t, 3O&m0)ffiffi31& 
ffofc. ^ b XbT>3-^— $ffl^T2 5 0 0 r p 
m, 30secO*frTI/^XKSi*U 9 0t:o^ 
5(? U->*- ^>4>T3 0M7 , l/^-^L^. ^^-^7 
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11 

nfflGaNBJ3«fctfnBGaa.i In».» N@co« 

T, n£M%m\zm%L2 x 1 O-'To r r(DJ*£*T 
A1&J*£0. 2mn^$TS^firc. 

l^T* lUGaNlM^iSGao.. In»., N/a© 

^T. S^«*86tCgSL2x 1 O-'To r r(7)St£* 
TAu&JH£0. 2 /zmCDJP£Tj*£2£if Lfc. 

BLfc*?^v:r®BHB*J;tf±BB*B9 (a) , 

(b) jaw. 

[0 0 3 7] tty9Q>i}yv*4 >9\t9^i/>9V- 

mm x 1 mmt L- 

nlGaNi^WnlGa... Ino.*NJI©«ffi£ 
7-f t-#>f^ >^BB*flHf>T3 0 /zmMuiT 
<SSfciBGaNB«B&y-K«tt* IB 
Gao.s Ino.i NMStU-f!SSt$7<t"-# 
>=T4 >^KKftffl^T3 0/im*Au«Ttt*Ufc, 

ifcLT. 01 OH^RfJcSfcLEDSflsBLfc. 

[0 0 3 8] 0 OjB©LED£f£«t,£: 

9 5B©LEDT«jfoWiBSnfc. i!©LE 
D(D^^S$aiSLfea:C5 ] J-KgS«6 6 t»J-H 
$#6 7T«10V, 18mA-C4 0mcd©tfi(!!)« 
3fctf, 'J-KB»6 6iy-Ha6tt6 8-Ctt, 8 V, 2 
0mAT6 Omc d(D|ift©^tft«ffl3:hfc. 

[0 0 3 9] 

- Fettle 9^ -T-#>tV >i/fttCct 0 7-f *-T* 
[0ffiO(H*^W^] 

[si i] BBfpB&m>&MB ESBawsBTfe 
*. 

[H2] (a) - (h) LED©fls«lfi£j»Lft 
[03] *5S9ilC<fc S^&TfPSf LfeLED ©tffflig 
[04] *y h*«B£»j*l,fclB#*^©±BHT 
[0 5] £ >'tt«B*»*Ufc«** : FO±BBT* 
[0 6] * 7 >^tt*«£»rt Lfc«#*^ ©±ffiH 



7) #5B¥6 - 6 9 5 4 6 

[07] (a) TfWLfc«T-*-;70>B 

(b) sygfl i Tf^iitfc*-f-^^^©±ifti6n:» 
*. 

[08] jWmTfMLfcLEDOWBBT**. 
[09] (a) ^fl^rfFBUfc*^*:/©*? 
®0T&*. 

(b) *B«2T#BL&*rp^y7©±fflHT* 

[fell 0] *B«2T«£BLfcLEDC!>>rifliiaT» 

[01 13 583KB©»ia*nTV>&^fl8©«fiBic* 
«B#««;*nft*a* 6a«B^*T©KBBT* 

[012] «£*CD^T^fi$ tltLED Offffl Hr 

[013] «£*«)*STf|sB4n&7y y^y^Sr 
j£©LED©»ffi0T;&*. 

0 [«F#©tB9!] 

1 *3*S 

2 B&B/ky* 

3 BBffl^y^ 

4 BSW^y* 

5 SWUft^Jl^- 

6 WSL 

7 »x-fe;p 

8 #Xi*A£ 

9 BMMftKJI^ 

? i o 

1 1 3-JUFh5y^ 

12 mm^yf 

13 f*lsrtE#>^ 

14 pBft*fr>ftlB¥4WM 

is nw*m&m 

1 6 *6*tt«« 

1 7 
18 

19 n&*m#mnm 
21 y-K«ra (i) 

2 2 U-HB»(2) 
2 3 $JS7-T^- 

2 4 m=F9-y9 

25 LED 
2 6 

2 7 iBGaN@€& 

2 8 niGaNlQa 

2 9 iBGaNJB 

1 30 nlGaNl 
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3 1 
3 2 
3 3 
3 4 
3 5 
3 6 
3 7 
3 8 

3 9 

4 0 
4 1 



13 

A 

U-Kg&t* (3) 
•J-HSW (4) 

GaNMI SI/LED 
i^Gao.s I no. i NJSSS 
n^GaN/SfccfctfnSIGao.* Ino.i NIf 



10 



igGao.s 
niGao. s 



I no. 2 
I no. i 



NS 



14 



4 2 U-H«tt(5) 

43 >J-K«*f(6) 

4 4 »J-KBtt (7) 

4 5 GaN, Gao.i Ino.s N»t«^y^ 

4 6 2fc$8%LED 

4 7 U-K«W(8) 

4 8 iJ-KHttf<9) 

4 9 

5 0 5 57 — 3] 

5 1 'J-K»f (10) 

52 y-MWJ (i i) 
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[01 2] 



[01 3] 
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